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Introduction

Forested wetlands in the south-
ern United States occur mostly in the
floodplains of major rivers and their
tributaries, within a broad- coastal
plain stretching from Texas to Vir-
inia. Two thirds of the annual
osses of wetlands in the contermi-
nous United States occur in forested
wetlands, primarily in the South
(Wilen and Frayer 1990). There are
almost 31 million acres of forested

wetlands in the South, comprising

less than one-third of their extent
prior to European settlement. While
the loss of wetlands continues, the
rate of loss has slowed. Nevertheless,
only 5 million acres of forested
wetlands remain in the floodplain of
the Lower Mississippi River, of an es-
timated 21 to 23 million acres prior
to 1780 (MacDonald et al. 1979;
Turner et al. 1981; The Nature Con-
servancy 1992). Forested wetland
losses in other parts of the South are
just as striking (Tansey and Cost
1990; Hefner and Dahl 1993).

The LMAV once supported the
largest expanse of forested wedands
in the United States. Rich alluvial
soils of the Delta received periodic
sediment additions from the world's
third largest river, and sup orted
highly productive ecosystems (Harris
- and Gosselink 1990). The impor-
tance of these ecosystems as vital
wildlife habitat for both resident and
migratory species has been docu-
mented (Wharton et al. 1982).

Restoration Pro
The loss of botomlands hard-
wood (BLH) forests in the LMAV has
been mostly due to conversion to

agriculture, as much as 96% (Mac
Donald et al. 1979; Department of
the Interior 1988). Massive flood
control projects be, after devastat-
ing floods in 1912, 1913, 1916, 1927,
and 1929 (The Nature Conservancy
1992). Major levees were constructed
along the Mississippi and its tribu-
taries, and an extensive drainage sys-
tem developed to support farming.
Additional wetland losses have been
due to construction of navigational
structures, continuing flood control
measures, surface mining, and urban
development.

A surge in forest clearing for
agriculture took place in the 1960s
and 1970s, in response to a rise in
soybean prices. Privately-owned for-
estland was cleared and planted to
TOW crocfs. When prices eventually
fell, land that was marginal for agn-
culture because it was still subject to
s rir:jg and early summer backwater

ooding became idle. Since 1980,
public and private programs have
supported restoration of former
cropland to bottomland hardwood
forests. '

Public Pro :
The Conservation Reserve Pro-
(CRP) began in 1980 to subsi-
ize establishment of permanent
vegetative cover on erodible crop-
land, and often included converted
wetlands. By the ninth enrollment
year (1989), almost 50,000 acres of
wetands in the LMAV were placed
into the CRP (The Nature Conser-
vancy 1992). '
The Wetand Reserve Program
(WRP) was included in the 1990
Farm Bill and set a maximum signup



of 1 million acres nationwide. A pi-
lot program was funded in 1992, in
eight states. Two states in the LMAYV,
Louisiana and Mississippi, were
included. More acres were submitted
in these states than could be
accepted into the WRP because of
financial limitations.

In 1987, the United States Fish
and Wildlife Service began an ag-

essive program in the V to re-
gtrore bottomland hardwood ecosys-
tems (Haynes et al. 1993). This effort
was not limited to existing wildlife
refuges; most of the effort has gone
into reforestation of private lands
and foreclosed farmland transferred
to the Service from the Farmers
Home Administration. To date, they
have planted or contracted for plant-
ing over 30,000 acres in the South.
They- anticipate planting an addi-
tional 20,000 acres through 1998,
mostly within the LMAV.

State agencies have undertaken
ambitious restoration projects as
well. Over 4900 acres near Monroe,
Louisiana are being restored by the
Louisiana Department of Wildlife
and Fisheries (Savage 1989; Newlin
1990). The Mississippi Deparument o
Wildlife, Fisheries and Parks is
restoring 1000 acres near Green-
wood, MS (Newling 1990).

The Corps of Engineers is restor-
ing bottomland hardwood forests in
order to mitigate fish and wildlife
habitat Josses induced by flood con-
trol construction. One ambitious
mitigation prtcj)j‘ect is the Lake George
roperty in the Yazoo River Basin,

S (Corps of Engineers 1989). The
tract is on 8800 acres of frequently
flooded agricultural land near
Rolling Fork, MS. Reforesting be
in 1991, and will continue into 1996.
The goal is to connect Panther
Swam
with Delta National Forest by a
forested corridor.

Private Efforts

_ Early private efforts centered on
hardwood plantations for producing
fiber. One outstanding example is

National Wildlife Refuge -

the Fider Managed Forest near On-
ward, MS. This 10,000 acre cotton-
wood (Populus deltoides Bartr. ex
Marsh. var. deltoides) forest is owned
by James River Timber Corp. and in-
tensively managed for pulpwood

‘Eroducuon. Recent private efforts

ave concentrated on reforestation
rimarily for creation of wildlife
abitat and for timber. Baxter Land
Companp a large farming operation
in Desha and Chicot Counties,
Arkansas, recently planted 350 acres
of cottonwood on low-lying crop-
land. Their objectives were erosion
control, financial return from tim-
ber, and increased wildlife habitat
(Anon. 1994). :

Techniques for Restoration

Techniques for establishing bot-
tomland hardwoods include direct-
seeding and planting seedlings. If

' good quality seedlings are planted

properly and cared for well prior to
planting, the chances for successful
establishment are high (Kennedy
1984; Kennedy et al. 1587; Allen and
Kennedy 1989; Kennedy 1994).

Direct-seeding has only proven
successful for o and other large
seeded species. Nuttall oak (Quercus
nuttalli Palmer) has been the most
reliable species, and greater success
has been obtained with the red oak

oup as compared to the white oaks
%{ohnson and Krinard 1987). Almost
all attempts at direct-seeding light
seeded species (Fraxinus, Liquidam-
bar, and Ulmus) have failed (Allen et
al. In Press). Failures have been
auributed to drought stress shorty
after germination, or to bird and
rodent predation.

Another advantage of plantin
seedlings is that a wider range o
sites and conditions can be toler-
ated. While extended post-planting
flooding damages most seedlings,
the taller planted seedlings may ex-

tend above floodwaters and survive.
On the other hand, there is a nar-
rower planting window in the South
. for planting seedlings (December to
Apnil). Directseeding offers a wider




planting window, as studies have
shown that acorns can be planted
year-around. Weather conditions
following sowing, however, can be
critical to survival. The best times
for direct-seeding are fall through
%gri’ng (Johnson and Krinard 19857;
ittwer 1991).

The main advantage of direct-
seeding is potentially lower costs
(Kennedy 1994) by avoiding the costs
of growing and handling seedlings,
and acorns are less time-consuming
to plant than seedlings. The major
disadvantages of direct-seeding are
that the plants are in more vu%nera—
ble stages of development longer,
thus risking poor survival and possi-
ble failure. Com?eting vegetation
may pose more of a threat to new
ﬁermmams, as many oaks are slow to

evelop above-ground and can be
overtopped by competitors.

Direct-seeding and plantin
seedlings can both be accomplishe
by hand using very simple and inex-

ensive equipment. On formerly
orested sites, hand planting or sow-
ing are preferred as intensive site
preparation is not required. Planting
or sowing by hand is easy to do
properly, and all 100 easy to do im-
properlg. Seedlings should be
planted deeply enough that the root
collar is just below the soil surface.
Large seeds such as acorns should
be sown between 2 to 6 inches deep.

Mechanical planting and sowing
are significantly faster on clean sites
with slopes less than 10%. Modified
agricultural planters have been used
successfully for direct-seeding, al-
though some new equipment has
been developed for acorns. A
broadcast seeder has been used in
trials in Louisiana (Allen et al. In
Press). Aerial seeding has been
shown in small trials to have poten-
tial, although more work needs to be
done to optimize the delivery system
and the method of bur{in acorns
after sowing (Allen et al. In Press).

Current Research
While the literature on bottom-

land hardwood restoration is sub-
stantial (Haynes et al. 1988), much
needs to done (Clewell and.Lea 1990;
Sharitz 1992). Major research em-
phasis today is on characterizing ref-
erence sites to guide restoration ef-
forts; new reforestation techniques,
such as intercropping; methods to
establish mixed species stands; and
on the effects of restoration at the
landscape level.

Reference Sites : ,

Sharitz (1992) stressed the need
to compare functions of natural and
restored forests, as we have not es-
tablished that reforesting restores all
functions. A first step in achieving
restoration is to identify the func-
tions that characterize undisturbed
sites. These undisturbed sites must
be identified and characterized in

- order to develop criteria for measur-

ing the success of restoration pro-
jects. .

An interdisciplinary team of re-
searchers from several federal agen-
cies and universities are cooperating
in an integrated regional project to
study the structure and function of
bottomland hardwood forests in the
southern United States (Harms and
Stanturf 1994). The objectives of this
project are (1) to quantify the physi-
cal, chemical and biological func-
tions of these forested wetlands, and
(2) to document and evaluate the ef
fects of silvicultural manipulation on
key functions. :

Four sites have been selected
and gathering of baseline -data has
begun. Results from this-study
should provide the understanding of
functions of bottomland hardwood
forests needed to guide restoration
efforts and allow for evaluation of
their success.

Intercropping :
- The forest products industry, the

Fish and Wildlife Service, and the
Forest Service Southern Hardwoods
Laboratory are implementing a large-
scale study of reforestation tech-
niques. Four treatments will be




compared that differ in intensity, in
rapidity of reforestation, and in fu-
ture opprortunitjes for income from
timber. Treatments consist of direct
seeding Nuttall oak acorns, planting
Nuttallg oak seedlings, imercropping
cottonwood with Nuttall oak, and a
control treatment that will be al-
lowed to revegetate naturally. Each
treatment will be evaluated using 20-
acre plots in three replicate blocks.
These relatively large plots will be
valuable for demonstrauon purposes
and will be large enough to accom-
modate future research needs; for
example, to compare wildlife use
among treatments. ‘
Intercropping cottonwood with
Nuttall oak is a technique designed
by James River Timber Corporation,
who is already using it in its private
landowner reforestation assistance
program. The rationale for this
novel technique is to use cotton-
wood as a nurse crop that improves
the conditions for oak survival and
owth. This treatment was explicitly
esigned to provide early income
from timber as an economic
incentive to encourage private
landowners to reforest these de
graded wetlands. The nurse crop
concept is well-known in silviculture
(Matthews 1989) and has been rec-
ommended for reforestation of
abandoned agricultural fields
(McKevlin 1992). However, no data
are available to compare it to other
more commonly used reforestation
methods. '
Cottonwood cuttings will be
Elanted atl2 by 12 foot spacix:};, with
erbicide application and disking
during the first two growing seasons
to control competition. In the spring
before the third growing season,
Nuttall oak seedlings will be planted
in between. every other row of
~cottonwood.
Cottonwood can grow 65 feet in
height and yield 30 cords per acre at
age 10 on the heavy clay Sharkey soil

typical of millions of acres of the
Delta (Krinard and Kennedy 1983a,
b). Yields for other species we con-

sidered as a nurse crop were lower
than for cottonwood. Green ash
(Fraxinus pennsylvanica Marsh. ) at
age 10 on Sharkey soils has been
shown to range from 27 ft to 30 ft,
sweetgum (Liquidambar styraciflua L.)
ranged from 18 ft to 21 ft, and
sycamore (Platanus occidentalis L.)
from 26 ft to 31 ft (Krinard and
Kennedy 1983b). Thus, cottonwood
growth is approximately double that
of other species. Volume growth fol-
lowed similar trends.

At age 10, the cottonwood will
be harvested and the oak released. If
the cottonwood is harvested in the

~ dormant season, sprouting will oc-

cur and a second, 10-year pulpwood
rotation can be obtained. Previous
research indicates that the yields in’
the second rotation will be lower,
however, than the first rotation. After
the second cottonwood rotation is
harvested, the 18year-old oak forest
can be released. Alternatively, se-
lected cottonwood stems can be re-
tained after either, or both, cotton-
wood harvests to increase diversity
and structure in the stand. The rapid
establishment of a forest canopy by
cottonwood may accelerate natural
succession by attracting the birds
and small mammals that are vectors
for dispersal of heavy seeds.
Cottonwood may also be used- to
more rapidly create vertical struc-
ture, cavities for nesting, and
downed woody debris than other re-

- forestation techniques.

Mixed Species Stands
A major research challenge to-
day is restoring mixed stands that
uickly acquire the kind of structure
ound in natural stands. Restoration
efforts in the past have concentrated
on establishing single-species planta-
tions. The appearance of a planta-
tion can be avoided by altering the
pattern of plantinq, for example ‘by
planting in wavy lines rather than
straight rows. Other modifications
will be necessary to establish stands
with a canopy structure that maxi-
mizes avian diversity (Stanturf In




press).

Multispecies plantations can be
establishetf in several types of mix-
tures (Goelz in press). Intercroppin
mixtures (single species rows) an
mixed monotypes (species in block
plantings) produce an overall mix-
ture, but species are clumped in a
way that does not mimic natural
conditions. _

Methods for establishing true
mixtures will require basic informa-
tion on how species compete with
each other during early stand devel-
opment, es eciaﬁz after crown clo-
sure. This line of research is illus-
trated by a systematic spacing study
-at Lake George, MS (goelz 1991).
This rather complicated study is
looking at two spacings between in-
dividual stems (6?1 :a.n<§s 9 ft), the pro-
portions of green ash, Nuttall oak,
and water oak (Q. nigra L.), and the
relationship between size, distance,
and species of neighbor on individ-
ual tree growth. Because early
growth of some species can be quite
slow, they can be overtopped by
competitors. In addition to inherent
growth rates, competitive ability is
affected by environmental condi-
tions such as soil properties and
flooding frequency and duration
(McKnight et al. 1981). Therefore,
the Lake George spacing study is
replicated on two contrasting soil

types.

Landscape pattern

Most reforestation work occurs
in small patches, except for a few
large public projects. Many re
searchers have discussed the effects
of fragmentation on wildlife, particu-
larly area-sensitive, interior-dwelling
neotropical migratory birds (Rob-
bins et al. 1989; ilcove and
Robinson 1990). Few, however, have
examined the benefits of reforesting
in large blocks, particularly when ex-
isting large patches are to be con-
nected by corridors. The Lake
George Restoration site provides an
opportunity to evaluate this hypoth-
esis. The restoration site connects

two of the largest blocks of natural
and restored bottomland hardwood
forests in the LMAYV, and wildlife use
of the area prior to, and following,
restoration is being evaluated.

Summary :

The focus of research on south
ern. bottomland hardwoods has
shifted, from documenting their-loss
to ways they can -be restored. Many
opportunities today exist to restore
bottomland hardwood forests on
economically marginal farmland.
Public and private efforts have al-
ready restored over 30,000 acres in
the Lower Mississippi Alluvial Val-
ley. .

y Techniques for Fla.ming and di-
rect-seeding bottomland hardwoods
are available. Direct-seeding, al-
though less expensive than plantin
seedlings, is limited to oaks an
other heavy-seeded species. Direct-
seeding and planting seedlings can
be accomplished by hand, using
very simple and inexpensive tools.
Methods for mechanical planting
and sowing are faster, but generally
require more expensive preparation
of the planting site. Efforts are un-
derway to develop aerial seeding
methods.

Current research .on restoration
of bottomland hardwood forests
emphasizes more than just reforesta-
tion techniques. Restoration of
mixed species stands is a major re-
search cﬁallenge. A mnovel technique
utilizing cottonwood as a nurse crop
to red oak has the potential to pro-
vide a substantial economic incen-
tive for private landowners to under-
take their own restoration effort.
Other advantages of the rapid estab-
lishment of a forest canopy include
accelerated natural succession and
improved wildlife habitat. Although
most research concentrates on
restoration at the site level, opportu-
nities for examining the landscape
level effects of restoration are in-
creasing. ’
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